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Assistant Commissioner for Patents 
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REQUEST FOR RFXONSIDERATION 

Sir: 

This paper is responsive to the office action dated July 30, 2002, and is filed prior 
to the expiration of the three (3) month shortened statutory period for response set by the 
Examiner. 

Reconsideration and allowance of the subject patent application are respectfully 
requested. 

Claims 1, 3-5, 9, 13 and 14 were rejected under 35 U.S.C. Section 103(a) as 
allegedly being unpatentable over Mutsumi et ai (JP 63-1 17445 A). 

As explained in the prior response, in Mutsumi et ai wax gets into the grooves 
between the chips thereby coating the cut faces with wax. In particular. Figure 2(d) of 
Mutsumi et al. illustrates that the wax gets into the groo\'cs between the chips and Figure 
2(f) shows adjacent chips adhered together by the wax n a post-etching step. When wax 
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gets into ihc groov es between the chips, the sides of the chips damaged by dicing cannot 
be etched b\ etchant, even if the etching piDcess remo\ es the residual portions. In 
contrast, the method of claim 1 calls for, among other things, the chemical etching to 
remo\ e damaged areas in a cut face of the semiconductor w afer resulting from the semi- 
full dicing process. 

In response to these arguments, the office action alleges that page 4 of the 
Mutsumi et al translation clearly discloses "[U]pon dicer test, cracks occur from these 
iiTCgularities, and these cracks are developed by the machining distortions. Therefore, 
the chips after the dicing process is (sic) immersed in an etchant so that the machining- 
affected layer is removed so as to form a smooth surface." However, the aforementioned 
sentences are from the translation of Goto (JP 07-161665) rather than from the translation 
of Mutsumi et al Thus, the "smooth surface of the machine-effected layer" to which the 
office action refers is that of Goto, not Mutsumi et al. For the Examiner's convenient 
references, the translations of relevant passages of Goto and Mutsumi et al. are re- 
submitted herewith. 

In summary, Applicant continues to believe that the process set forth in Mutsumi 

et al results in wax on the sides of chips subjected to semi-full dicing as explained at 

page 9-10 of the specification of the subject application: 

Moreover, in [Mutsumi et al]. chipping and cracks tend to occur 
due to breaking after washing, and since the cut face 107a, subjected to the 
semi-full dicing is coated with wax 1 17, it is not possible to carry out 
chemical etching on the cut face 107a after the dicing process, resulting in 
problems of fine cracks in the cut face, a machining-affected layer and 
chipping and cracking. In addition, in [Mutsumi et al], a removing 
process for wax 1 17 is required, and the process after removal of the wax 
1 17 has to be cairied out on each piece of the semiconductor chips 107; 
therefore, a problem arises with working efficiency. 
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Thus. Mutsumi ct al. docs not teach or suggest that, ifitcr alia, the damaged areas in a cut 
face of a semiconductor w afer resulting from a semi-full dicing process be removed b\ a 
chemical etching in w hich the residual portions are rcmo\ed as claimed. 

AccordingK, Applicant submits that claims 1, 3-5, 9, 13 and 14 are not ob\ ious 
over Mutsumi et ai 

Claim 2 w as rejected under 35 U.S.C. Section 103(a) as alleged!}' being 
unpatentable over Mutsumi et aL in view of applicant admitted prior art (JP 07-022358) 
as to testing prior to semi-full dicing. However, testing prior to semi-full dicing does not 
remedy the above-identified deficiencies of Mutsumi et aL with respect to claim 1 (from 
which claim 2 depends). As such. Applicant submits that claim 2 is allowable. 

Claims 10-13 and 15-19 rejected under 35 U.S.C. Section 103(a) as allegedly 
being unpatentable over Mutsumi et al in view of applicant admitted prior art (JP 07- 
022358). JP 07-22358 discloses a process in which surface polishing is performed prior 
to a semi-full dicing process. JP 07-22358 also discloses that the rear face of a 
semiconductor wafer is affixed onto a dicing tape through a cairier frame. Among other 
things, JP 07-22358 does not remedy the above-identified deficiencies of JP 63-1 17445 
with respect to claim 1 (from which claims 10-13 and 15-19 depend). As such. Applicant 
submits that claims 10-13 and 15-19 are allowable. In addition, JP 07-22358 fails to 
disclose features of at least some of claims 10-13 and 15-19, For example, claim 18 calls 
for the protective layer holding means to ha\'e a draining means for draining etchant. No 
such feature is show n in JP 07-22358 and the contention that such a feature is "inherent" 
is conclusory. Claim 19 calls for the draining means to be formed as groo\ es extending 
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in a radial direction. This feature is not shown and the argument in the otYice action that 
this feature does not appear to be critical does not establish its ob\ iousness. 

Claims 10-13 and 15-17 were rejected under 35 U.S.C. Section l()3(a) as 
allegedl)' being unpatentable o\er Mutsumi et ai in \'ie\\ of Usami ct al. (U.S. Patent No. 
5,893,746). Usami et ai discloses a method of forming a semiconductor de\ ice in which 
a thin semiconductor wafer 105 is placed on a tape 107 held w ith a frame 101. This 
semiconductor wafer 105 is completely cut off by means of dicing grooves 104 and 
separated into a plurality of chips 105'. The sepai^ated chips 105' are pushed upwardly 
from the back side of tape 107 by means of a heating head 106 and is urged against a 
substrate 102 on which an adhesive 103 has been preliminanly applied, thereby causing 
the chip to be thermally bonded to the substrate 102. Among other things, Usami et al 
does not remedy the above-identified deficiencies of Mutsumi et al. with respect to claim 
1 (fi-om which claims 10-13 and 15-17 depend). As such. Applicant submits that claims 
10-13 and 15-17 are allowable. 

The pending claims arc believed to be in condition for allowance and early 
notification to that effect is respectfully requested. 
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Assistant Commissioner for Patents 
Washington, DC 20231 

Sir: 

REQUEST FOR RECONSIDERATION 

This is a response/amendment/letter in the above-identified application and includes an attachment which is hereby 
incorporated by reference and the signature below serves as the signature to the attachment in the absence of any other 
signature thereon. 

Fees are attached as calculated below: 

Total effective claims after amendment 42 
Previously paid for 42 (at least 20) = 

Independent claims after amendment 5 
Previously paid for 5 (at least 3) = 

If proper multiple dependent claims now added for first time, add $280.00 (ignore improper) 



minus highest number 
0 X $ 18.00 

minus highest number 
0 X $ 84.00 



Petition is hereby made to extend the current due date so as to cover the filing date of this 
Paper and attachment(s) ($1 1 0.00/1 month; $400.00/2 months; $920.00/3 months) 

Terminal disclaimer enclosed, add $ 1 10.00 

□ First/second submission after Final Rejection pursuant to 37 CFR 1 .129(a) ($740.00) 

□ Please enter the previously unentered , filed 

□ Submission attached 



If "small entity," then enter half (1/2) of subtotal and subtract 

□ Applicant claims "small entity" status. □ Statement filed herewith 

Rule 56 Information Disclosure Statement Filing Fee ($180.00) 

Assignment Recording Fee ($40.00) 

Other: 



$ 
$ 

$ 
$ 

$ 



SUBTOTAL 



-$ 



0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 



TOTAL FEE ENCLOSED $ 0.00 

The Commissioner is hereby authorized to charge any deficiency , or credit any overpayment, in the fee(s) filed, or 

asserted to be filed, or which should have been filed herewith (or with any paper hereafter filed in this application by this 

firm) to our Account No. 1 4-1 1 40. A duplicate copy of this sheet is attached. 

1 100 North Glebe Road, 8th Floor NIXON & VANDERHYE P.O. 

Arlington, Virginia 22201-4714 By Atty.: Michael J. Shea, Reg. No. 34,725 

Telephone: (703) 816-4000 

Facsimile: (703)816-4100 7/' X 
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(54) PROCESSING OF SEMICONDUCTOR WAFER 

(57) Abstract: 

PURPOSE. To 'orm an ultra-thin semiconductcr wafer 
without its breakage during a bunnping process or a dic:ng 
process in such a way that its reverse side is polished by 
etching after the cumptng and dicing processes. 

CCNSTITUTiCN: After a process to form an integrated 
circurt has been completed, a bump 2 is formed by an 
electrolyte plating method dunng a bumping process. 
Dunng a dicing process, grooves are formed in such a ^A^y 
that they reach a prescnbed depth as viewed from the 
surface of a semiconductor wafer 1 along the integrated 
circuft. A wax material 3 is applied in order to protect the 
surface of the semiconductor wafer 1 from an etching 
solution 4. The semiconductor wafer 1 is immersed m the 
etching solution 4, and the reverse side of the 
semiconductor wafer 1 is etched until a prescnbed 
thickness is obtained. The semiconductor wafer 1 is 
washed by water so as to wash the etching solution 4 
away. The semiconductor wafer 1 is broken so that an 
integrated circuit chip 5 can be separated. 
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Japanese Laid-Ooen Patient Application No. 117445/1988 

(Tokukashou 63-117445) (Published on May 21, 1988) 

(A) Relevance to claim 

The following is a translation of passages related to 
claim 1 of the present invention. 

(B) Translation of the relevant passages 
[EMBODIMENTS] 

Referring to Figures, the following description will 
discuss embodiments of the present invention. 

Referring to Fig. l, an explanation will be given of 
the first embodiment of the present invention. Fig. 1, 
which shows processes for carrying out a machining method 
of a semiconductor wafer in accordance with the first 
embodiment of the present invention, includes schematic 
cross-sectional views of the semiconductor wafer in the 
respective processes . 

Additionally, in the first embodiment and a second 
embodiment (which will be discussed later) , processes 
taken until completion of the IC formation are the same as 
those conventionally used. 

a) Completion of IC formation 

b) Bumping process 

Bumps are formed on an IC by electrolytic plating. 
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c) Dicing process 

Grooves are formed from the surface of an IC wafer 1 
up to a predetermined depth along IC chips. 

d) Wax applying process 

Wax 3 is applied so as to protect the surface of the 
IC wafer 1 from an etchant 4 . 

e) Etching process 

The semiconductor wafer 1 is immersed into the 
etchant 4 so that the surface of the semiconductor wafer 1 
is subjected to an etching process until it has reached a 
predetermined width. 

Moreover, although not shown in Fig. 1, upon 
completion of the etching, the semiconductor wafer 1 is 
washed with water so as to remove the etchant 4 therefrom. 

Furthermore, the semiconductor wafer 1 is washed with 
a solvent so as to remove the wax from the surface 
thereof . 

f) Breaking process 

The semiconductor wafer 1 is subjected to a breaking 
process so as to be separated into IC chips 5. 

In the above-mentioned embodiment, in order to 
protect the surface of the semiconductor wafer 1, the wax 
3 needs to be made of a material which is resistant to the 
etchant 4, gives no adverse effects to the element area of 
the semiconductor wafer 1, and is readily washed by a 
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specific solvent. With respect to such a wax material, 
f luororesins , etc. are preferably used. 

Moreover, it is necessary for the etchant 4 to have a 
stable etching rate to the semiconductor wafer 1, and to 
be less susceptible to variations in the amount of etching 
inside the semiconductor wafer 1. with respect to such an 
etchant, for example, in the case when silicon is used as 
a material of the semiconductor wafer 1, hydrofluoric 
acid, nitric acid, a mixed acid of acetic acid, etc. are 
preferably used. 

Next, referring to Fig. 2, the following description 
will discuss the second embodiment of the present 
invention. In the same manner as Fig. l. Fig. 2 shows 
processes for carrying out a machining method of a 
semiconductor wafer in accordance with the embodiment of 
the present invention, and includes schematic cross - 
sectional views of the semiconductor wafer in the 
respective processes. 

Processes from a) to b) are the same as those of the 
first embodiment; therefore, the description thereof is 
omitted . 

c) Dicing process 

A semiconductor wafer 1 is subjected to a dicing 
process up to a predetermined remaining thickness. In 
this case, the remaining thickness 6 from dicing is 



smaller than the thickness etched. 

d) Wax appl>'ing process 

The semiconductor wafer 1 is fixed to a supporting substrate 7 with 
wax 3 which provides protection to the surface of the semiconductor wafer 
1 and adhesion to the supporting substrate 7. 

e) Etchmg process 

The semiconductor wafer 1, together with the supporting substrate 
7, is dipped in an etchant 4 to subject the surface to etching until the 
semiconductor wafer 1 has a predetermined thickness. 

The remaining thickness 6 from dicing is smaller than the thickness 
etched; therefore, when the etchmg process is complete, the 
semiconductor wafer 1 is separated into IC chips 5, but remains fixed to 
the supporting substrate 7. 

Then, although not shown in Figure 2, after the etching process is 
complete, the semiconductor wafer 1 together with the supporting 
substrate 7 is washed in water to get nd of the etchant 4. 

f) Wax washing process 

The semiconductor wafer 1 together with the supportmg substrate 
IS washed in a solvent. Upon etching down to a predetermined thickness, 
the semiconductor wafer 1 is already separated into the IC chips 5; the 
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individual IC chips 5 are obtained by washing the wax 3 
forming the bonding layer, without the need for breaking. 

In the second embodiment, the etching process to the 
rear face of the semiconductor wafer 1 and the separation 
process into the IC chips 5 can be carried out in one 
process, and another advantage is that a smooth cut face 
is obtained without cracks and protrusions due to cleavage 
of monocrystal on the side face of the IC chip 5. 
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(54) DICING OF SEMICONDUCTOR WAFER AND ITS DEVICE 



(57)Abstract: 

PURPOSE; To provide a dicing method for splitting a semiconductor wafer into a 
plurality of chips and the dicing device. 

CONSTITUTION: A semiconductor wafer dicing technique, which cuts a 
semiconductor wafer 1 into each individual device, comprises a step of forming a 
protective film 2 on the wafer 1, a step of cutting the wafer 1 by a dicing blade, a 
step of etching chemically cut surfaces 3-1 of cut chips 3 and a step of removing 
the film 2. 
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Japan ese Laid-Open Patent Application No. 1G1665/1995 
(Tokukaihei 7-161665) (Published on June 23, 1995) 

(A) Relevance to claim 

The following is a translation of passages related to 
claim 1 of the present invention. 

(B) Translation of the relevant passages 
[EMBODIMENTS] 

(Embodiment 1) Fig. 1 is an explanatory drawing that 
shows processes of the present invention; and Fig. 1(a) 
shows a process for forming a protective film. Fig. 1(b) 
shows a process for cutting a semiconductor wafer. Fig. 
1(c) shows a process for etching the cut face of a chip, 
and Fig. 1(d) shows a process for removing the protective 
film. Fig. 2 is a schematic view that shows the structure 
of a dicing device, and Fig. 3 is a plan view that shows 
J:he surface of a semiconductor wafer that is to be cut . 
[0010] (Process for forming a protective layer) Novola]c 
resin is dropped onto the surface of the semiconductor 
wafer 1 so that this is rotated within the horizontal face 
so as to form a protective layer 2. The resin is used for 
protecting the semiconductor device circuit, and is 
transparent so as to allow confirmation of lines that 
indicate a dicing area. 
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[0011] (Process for cutting a semiconductor wafer) As 
illustrated in Fig. 2, a dicing blade 12 is provided as a 
cutting means for cutting the semiconductor wafer 1, and a 
wafer fixing table 13 is provided as a wafer fixing means 
for securing the semiconductor wafer 1. The dicing blade 
12 is attached to the main shaft IS of a main shaft head 
15 that is supported by a supporting column 14. The 
supporting column 14 is vertically secured to a head 17 
having a fixed structure, and the main shaft head 15 is 
allowed to move up and down in the vertical direction 
along the supporting column 14. Here, the main shaft 16 
extends in the horizontal direction, and is rotated at a 
high speed. 

[0012] Here, the wafer fixing table 13, which is attached 
to the upper surface of the head 17, is allowed to move 
straight along two axes that are orthogonal to each other 
in horizontal directions. Moreover, the upper surface of 
.the wafer fixing table 13 forms a horizontal wafer 
securing face 18 so that the face 18 is allowed to rotate 
in forward and reverse directions centered on an axis line 
in the vertical direction. The semiconductor wafer 1 is 
secured onto the wafer securing face 18 by means of vacuum 
suction, preferably in a state where it is affixed to the 
dicing tape 19. 

[0013] Moreover, the dicing device 10 of the present 
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embodiment is provided with a CCD camera 20 than is an 
image pick-up means for picking up an image of the surface 
of the semiconductor wafer 1, at a lower portion of the 
main shaft head 16. The CCD camera 20 is capable of 
picking up an image of an area adjacent to the dicing 
blade 12. Here, the CCD camera 20 is connected to a 
computer 22 serving as an image-processing means through 
an A/D converter 21. Analog information of an image, 
picked up by the CCD camera 20, is digitized by the A/D 
converter 21, and then inputted to the computer 22. The 
computer 22 carries out an image -processing operation on 
the inputted image information in accordance with a 
suitable algorithm so that the position of a cut line can 
be detected. The positional information of the cut line 
detected by the computer 22 is inputted to a controller 
(control means) 23 that controls the rotation of the 
dicing blade 12, the up and down movements of the main 
.shaft head 15 and the movement in the horizontal direction 
of the wafer securing table 13; thus, the semiconductor 
wafer 1 is cut along the corresponding cut line. With 
this device, the semiconductor wafer 1, controlled by the 
controller 23, is automatically cut along the center line 
of a scribe line S, and divided into a plurality of chips 
3 . 

[0014] (Process for chemically etching the cut face of a 

- 3 - 




chip) When a semiconductor wafer is cut by the dicing 
blade, fine irregularities occur on the cut face 3-1, and 
machining distortions also occur thereon. Upon dicer 
test, cracks occur from these irregularities, and these 
cracks are developed by the machining distortions. 
Therefore, the chip 3 after the dicing process is immersed 
in an etchant 4 so that the machining-af f ected layer is 
removed so as to form a smooth surface. 

[0015] With respect to the etchant:, a sulf uric-acid-based 
solution (HoSO^ + H^O + H^O) or an ammonia-based solution 

(NK4OH + K2O2 + H^O) is preferably used. Upon application 
of these solutions, the etching rate is virtually set to 1 
fim/m±n, in which the affected layer can be removed in five 
minutes . 

[0016] (Process for removing a protective film) The chip 
3, cut as described above, is immersed in a solvent 5 such 
as acetone, and washed so that the protective film 2, 
>^hich serves as resist, is removed. 

[0017] In accordance with the above-mentioned processes, a 
wafer, made of GaAs, having a diameter of 3 inches is cut 
so as to form chips of 2 mm x 2 mm. These chips were 
secured onto a substrate with a bonding agent, and this 
was subjected to a shearing test. As a result, any of 
these chips were separated at a load of 8 kg, thereby 
indicating stable shearing strength. In contrast, the 
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same test was carried out on chips that had not been 
subjected to etching after the dicing process, and many of 
these had cracks at a shearing force of 4 to 5 kg. 
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